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Abstract: A field applicable diagnostic technique, the dipstick assay, was evaluated for its sensitivity and specificity in di- 
agnosing human Schistosoma mansoni infection. A monoclonal antibody (mAb) against S. mansoni adult worm tegumen- 
tal antigen (AWTA) was employed in dipstick and sandwich ELISA for detection of circulating schistosome antigen (CSA) 
in both serum and urine samples. Based on clinical and parasitological examinations, 60 S. manson/'-infected patients, 30 
patients infected with parasites other than schistosomiasis, and 30 uninfected healthy individuals were selected. The sen- 
sitivity and specificity of dipstick assay in urine samples were 86.7% and 90.0%, respectively, compared to 90.0% sensi- 
tivity and 91.7% specificity of sandwich ELISA. In serum samples, the sensitivity and specificity were 88.3% and 91.7% 
for dipstick assay vs. 91 .7% and 95.0% for sandwich ELISA, respectively. The diagnostic efficacy of dipstick assay in 
urine and serum samples was 88.3% and 90.0%, while it was 90.8% and 93.3% for sandwich ELISA, respectively. The 
diagnostic indices of dipstick assay and ELISA either in serum or in urine were statistically comparable (P>0.05). In con- 
clusion, the dipstick assay offers an alternative simple, rapid, non-invasive technique in detecting CSA or complement to 
stool examinations especially in field studies. 
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INTRODUCTION 

Parasitological examination of schistosome eggs in stool or 
urine is the gold standard in diagnosing the parasitic infection 
[1-4]. However, it is of limited value because of inadequate 
sensitivity especially in light infections, < 50 eggs/g feces for 
Schistosoma mansoni and <50 eggs/10 ml urine for Schistosoma 
haematobium [2,3]. By time, antibody and antigen detection as- 
says have been developed that led to an increase in sensitivity 
and specificity of these assays, especially the latter [5]. Conse- 
quently, many tests have been developed to detect different cir- 
culating schistosome antigens (CSA) in urine or serum sam- 
ples of infected hosts, eg., sandwich ELISA [6-8], dot-ELISA [9], 
latex agglutination test [10], and dipstick assay [11-15], using 
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either polyclonal or monoclonal antibodies (mAbs) [16-20]. 

Interestingly, only the urinary schistosomiasis dipstick has 
successfully been adopted for field use and was found to be 
highly sensitive and specific [21], leading many researchers to 
recommend dipsticks for launching and monitoring mass 
treatment for S. haematobium [22]. So, this study aimed to de- 
velop a mAb-based dipstick test as a simple, rapid, and field 
applicable screening test for CSA in urine and serum samples 
of human schistosomiasis mansoni. 

MATERIALS AND METHODS 

Clinical examination 

All patients were subjected to complete history taking and 
thorough clinical examinations. Recto-sigmoidoscopy with 
rectal snip was mainly performed for cases who had histories 
suggestive of schistosomiasis, e.g., bleeding from the rectum 
with repeatedly negative excreta. It was also performed for most 
parasitic cases to exclude concomitant schistosomal infection 
especially for those with history of schistosomiasis or living in 
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an endemic area (farmers). Abdominal ultrasound examina- 
tion was performed for all cases. 

Parasitological examinations 

Urine analysis was performed for all study groups using the 
sedimentation method [23], and patients harboring S. haema- 
tobium eggs in their excreta or having mixed parasitic infections 
were excluded from this study. Stool examination was per- 
formed using the merthiolate-iodine-formaldehyde-concentra- 
tion (MIFC) method for detection of all helminth eggs and 
protozoal cysts [24]. Subjects were divided into 3 groups, S. 
mansoni patients (n= 60), other parasite infected group (n= 30), 
including Fasciola gigantica (n = 10), Ancylostoma (n= 10), and 
Hymenolepis nana (n= 10), and parasite-free healthy individu- 
als (n=30). S. mansoni eggs were quantified in stool samples 
on 3 consecutive days by the modified Kato's thick smear tech- 
nique [25]. The mean number of eggs was calculated. Blood 
and urine samples were collected from all cases, and sera were 
separated. Both sera and urine samples were aliquoted and 
kept at -70°C until used. 

Preparation of adult worm tegumental antigen (AWTA) 

Viable S. mansoni adult worms were purchased from the 
Schistosome Biological Supply Program at Theodor Bilharz 
Research Institute, Giza, Egypt. The S. mansoni AWTA (Sm AW- 
TA) was prepared from living worms according to the method 
ofOaksetal. [26]. 

Monoclonal antibody (mAb) 

The mAb (12D/10F) used in this study was produced by fu- 
sion of splenocytes of BALB/c mice immunized with Sm AWTA 
and BALB/c myeloma cell line (P3x63Ag.8) according to Gal- 
fre and Milstein [27], An IgM MAb (12D/10F) was found to be 
strongly reactive with S. mansoni AWTA S. mansoni soluble egg 
antigen (SEA), and S. haematobium SEA but not reactive with 
Fasciola hepatica or Echinococcus granulosus antigens as shown 
by sandwich ELISA. Also, it recognized S. mansoni AWTA anti- 
gen with repetitive epitope at 50, 60, and 65 kDa bands as 
shown by immunoblotting which proved to be proteoglycan 
in nature [10,28]. 

Detection of circulating schistosome antigen (CSA) by 
sandwich ELISA 

Being reactive with a repetitive epitope, IgM mAb (12D/ 10F) 
was employed as antigen capturing and detecting antibody in 



sandwich ELISA according to Mohamed et al. [28] . Labeling of 
IgM MAb with horseradish peroxidase was performed by peri- 
odate method according to Nakane and Kawaoi [29]. After 
several optimization trials, sandwich ELISA was performed as 
originally described by Engvall and Perlmann [30] and modi- 
fied by Mohamed et al. [28] and Ibrahim et al. [10]. 

Detection of CSA by dipstick assay 

The mAb-dipstick assay described previously by van Etten et 
al. [31] was performed as follows: Briefly, nitrocellulose (NC) 
membrane was coated with purified IgM mAb (200 pi of 1.25 
pg/ml of 0.1 M carbonate buffer, pH 9.6) and then incubated 
overnight into the Bio-Rad-Slot apparatus (Bio-Rad, Hercules, 
California, USA) at 4°C. The NC membrane was washed with 
PBS/Tween (PBS/T) 4 times (1 min/wash), then with PBS 2 
times (1 min/wash), and blocked with 2.5% fetal calf serum 
(Sigma, St. Louis, Missouri, USA) diluted in PBS/T, pH 7.4, for 
30 min with shaking at room temperature (RT) and washed 
as previously mentioned. The NC membrane was dried and 
cut into 2 mm strips and supported into cassettes. The strips 
were incubated with 500 pi sera (diluted in blocking buffer 
1:2) and urine samples (1 ml undiluted) for 30 min at RT with 
shaking, then washed with PBS/T for 4 times (1 min/wash). 
The stiips were incubated with horseradish mAb peroxidase- 
conjugated IgM (10 pg/ml of PBS/Tween, 1 ml/strip) with 
shaking at RT for 30 min, then washed with PBS/T as previ- 
ously mentioned. The substrate 3,3-diaminobenzidine (Sig- 
ma) was added (1 ml/strip) for 2 min at RT with shaking. The 
enzyme reaction was stopped by washing the strips 3 times 
with distilled water, then left to dry at RT. The detection of a 
brown band on the NC membrane meant positive serum or 
urine samples, while negative samples showed no color. 

Statistical analysis 

Data were expressed as mean±SD or number (%). Com- 
parison between categorical data was performed using the chi- 
square test. Standard diagnostic indices, including sensitivity, 
specificity, and diagnostic efficacy were calculated as described 
by Galen [32]. P-values less than or equal to 0.05 were consid- 
ered significant. SPSS computer program (version 13, Windows, 
Chicago, Illinois, USA) was used for data analysis. 

RESULTS 

History taking of schistosomal cases showed that out of the 
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60 S. mansoni-infected patients, 50 (83.3%) had the history of 
exposure to canal water, 35 (58.3%) had the history of previ- 
ous diagnosis of schistosomiasis, and 42 (70%) received anti- 
bilharzial treatment whether they were sure or not of the diag- 
nosis. Clinical examination showed 28 (46.7%) patients with 
no palpable liver or spleen, 9 (15%) patients had hepatomeg- 
aly, 16 (26.7%) had hepatosplenomegaly, and 13 (21.7%) pa- 
tients had shrunken liver and splenomegaly. The ulttasound 
findings as regards the liver showed that 37 (61.7%) patients 
were normal, 13 (21.7%) had periportal fibrosis, and 15 had 
cinhotic patterns. Other sonographic findings were 30 (50%) 
with splenomegaly, 25 (41.7%) with portal vein dilatation, 
and 6 (10%) having ascites (Table 1). 

The dipstick assay was positive in urine samples in 52 out of 
60 S. mansoni-infected patients giving 86.7% sensitivity, while 
in the serum, the dipstick assay was positive in 53 out of 60 
Schistosoma-infected patients, and the sensitivity of the assay 



Table 1 . Clinical and sonographic findings of S. mansoni and oth- 
er parasite-infected groups 



No. of cases (%) 

S. mansoni Other parasites 
(n = 60) (n = 30) 


History of exposure to canal water 


50 (83.3) 


10(33.3) 


Previous history of schistosome 


35 (58.3) 


1 (3.3) 


infection 






Previous schistosome treatment 


42 (70.0) 


1 (3.3) 


Bleeding/rectum, tenesmus 


5 (8.3) 


2 (6.7) 


Clinical findings 


Normal 


28 (46.7) 


20 (66.7) 


Hepatomegaly 


9(15.0) 


5(16.7) 


Hepatospelnomegaly 


16(26.7) 


4(13.3) 


Shrunken liver & splenomegaly 


13(21.7) 


1 (3.3) 


Sonographic findings (liver) 


Normal/periportal thickening/ 


37/13/15 


20/7/3 


cirrhosis 


(61 .7/21 .7/50.0) (66.7/23.3/1 0.0) 


Portal vein dilatation 


25 (41 .7) 


1 (3.3) 


Splenomegaly 


30 (50.0) 


2 (6.6) 


Ascites 


6(10.0) 


0 (0.0) 


Kidney disease 


0 (0.0) 


0 (0.0) 



Data are expressed as the number and percentage. 



Table 2. Diagnostic indices (sensitivity, specificity, and diagnostic 
efficacy) of dipstick and ELISA in studied groups 





Dipstick 


ELISA 




Urine 


Serum 


Urine Serum 


Sensitivity (%) 


86.7 


88.3 


90.0 91.7 


Specificity (%) 


90.0 


91.7 


91.7 95.0 


Diagnostic efficacy (%) 


88.3 


90.0 


90.8 93.3 



was 88.3% (Fig. 1). Patients who showed false negative results 
in urine and serum samples were among the light infection 
subgroup, and the mean number of eggs in their stool/g was 
19.6 ± 6.7 and 23.5 ± 7.2, respectively. The specificity of the as- 
say was determined as the sum of results of the negative con- 
trol group and other parasite infected group. All the 30 nega- 
tive controls were dipstick negative in both urine and serum 
samples while 6 patients out of 30 other parasite infected group 
showed positive dipstick in urine and 5 patients in serum; they 
were considered as false positives. The specificity of the assay 
in urine and serum, therefore, was determined as 90% and 
91.7%, respectively. The diagnostic efficacy of the assay was 
88.3% and 90.8%, respectively (Table 2). 

CSA in urine and serum of different studied groups were 
also measured by sandwich ELISA. The cut-off value was calcu- 
lated as the mean optical density (OD) readings (at 492 nm) 
of negative conttols and 2 SD of the mean. The OD readings 
equal to or less than the cut-off value were considered negative 
while those readings greater than the cut-off value were con- 
sidered positive. In urine, the cut-off was 0.323, and ELISA was 
positive in 54 out of 60 schistosomiasis patients, and the sen- 
sitivity of the assay was 90%. In serum, the cut-off was 0.375. 
and ELISA was positive in 55 out of 60 schistosomiasis pa- 
tients, and the sensitivity of the assay was 91.7% (Fig. 2). Also, 
the 6 and 5 patients that showed false negative results in urine 
and serum were among the light infection subgroup. All the 
30 negative controls were ELISA negative while 5 and 3 pa- 
tients in other parasite infected group showed positive ELISA 
in urine and sera, respectively, and were considered as false 
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S. mansoni infected patients Other parasites Controls 
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Fig. 1 . Detection of CSA in serum and urine samples of different 
study groups by the dipstick assay. Dipsticks were dotted with 
the adult worm tegumental antigen (AWTA) as the positive control 
and PBS as the negative control. 
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Fig. 2. Mean level of CSA (± SD) in sera and urine samples of dif- 
ferent study groups measured by sandwich ELISA (OD reading at 
492 nm). 

positives. The specificity of the assay was 91.7% and 95%, re- 
spectively. The diagnostic efficacy of the assay was 90.8% and 
93.3%, respectively (Table 2). There was no statistically signifi- 
cant difference between the diagnostic indices of the dipstick 
assay and ELISA in serum or urine samples and at the same 
time between serum and urine within each of the techniques 
(P>0.05). 

DISCUSSION 

In Egypt, a national control program against schistosomiasis 
was started from 1993 to 2006 leading to a gradual decrease in 
the prevalence of the 2 schistosome species (1.9% for S. man- 
soni and 1.1% for S. hematobium) [33]. Since then, schistoso- 
miasis is considered as a neglected disease [33]. By time, atten- 
tion paid to schistosomiasis has been reduced leading to an 
increase of its prevalence again specially in rural areas reaching 
to 10% [34,35, personal observations]. 

Nowadays, the use of ELISA for detection of schistosomal 
soluble egg antigen is recommended by many authors as a 
promising complementary field-applicable method for moni- 
toring treatment and infection dynamics in endemic areas 
[19,36,37]. This is an alternative to traditional parasitological 
approaches which became more fallible as both the infection 
prevalence and intensity diminished through control. Though 
ELISA had high sensitivity and specificity, yet it needs well- 
trained personnels and equipments and takes time to get re- 
sults. Consequently, decision makers urged the need for simple, 
rapid, accurate, field applicable, and non-invasive alternative di- 
agnostic approaches for schistosomiasis which led to the devel- 
opment of a dipstick test especially in highly endemic areas [21]. 

The present study was carried out to detect CSA in both urine 



and serum samples of S. mansoni-infected patients as well as 
patients infected with parasites other than Schistosoma and 
healthy individual groups using a simple mAb-based dipstick 
test and comparing its results with mAb-based sandwich ELISA. 
The sensitivity of the dipstick assay in urine and serum samples 
was 86.7% and 88.3% compared to 90% and 91.7% by sand- 
wich ELISA, respectively. The specificity of the dipstick assay 
was 90% and 91.7% for CSA assay in urine and sera, respec- 
tively, vs. 9.17% and 95% by sandwich ELISA. It is apparent 
that the sensitivity, specificity, and diagnostic efficacy of the 
dipstick assay in urine and serum samples was slightly lower 
than that detected by sandwich ELISA and at the same time it 
was slightly lower in urine than that reported in serum sam- 
ples. Several researchers developed a commercial urine dipstick 
test for detecting circulating cathodic antigen (CCA) mainly 
against S. haematobium infection [15;38] and used it in detect- 
ing S. mansoni infection. The reported sensitivity of these dip- 
stick assays ranged from 80% to 97.5% against S. mansoni in- 
fection, while it gave contradictory results against S. haematobi- 
um. For example, Hendawy et al. [14] evaluated the use of 
mAb-based dipstick as a qualitative assay for rapid diagnosis of 
S. mansoni. The sensitivity and specificity of the dipstick assay 
was 97.5% and 96.2%, respectively. Also, Stofhard et al. [15] 
reported 83% sensitivity and 81% specificity of the dipstick for 
detecting CCA of S. mansoni. Again, Stofhard et al. [37] con- 
firmed the same results and reported 95% sensitivity and 80% 
specificity for S. mansoni and reported unsatisfactory results for 
S. haematobium, while it was 89% using SEA-ELISA assay. Also, 
Ashton et al. [39] reported that the sensitivity and specificity of 
the dipstick was 89.1% and 74.2% for S. mansoni vs. 36.8% 
and 78.9% for S. haematobium. On the other hand, Bosompem 
et al. [21] developed a mAb-based dipstick assay against S. hae- 
matobium in endemic areas and reported 99.1% sensitivity and 
98.3% specificity. Also, in 2004, they reported 98.8% sensitivi- 
ty and 53.6% specificity [40]. The slight increase in the diag- 
nostic efficacy of the dipstick in our study compared to others 
could be due to the target antigen used and the nature of anti- 
body directed against different Schistosoma species, raising the 
necessity to evaluate the efficacy of this technique against S. 
haematobium. 

Detection of CSA in urine instead of serum offers an alterna- 
tive non-invasive way, especially in large control programs in 
endemic areas where the process is cumbersome and tedious 
for schoolchildren who are the main targets for such control. 

In conclusion, further studies are recommended to improve 
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the diagnostic efficacy and to decrease the cost of the dipstick, 
e.g., using a nanoparticle colloidal dye conjugated with the 
mAb that increases their binding surface area and decreases 
their hydrophobicity which in turn block the binding sites 
and consequently decrease the cross-reaction of non-specific 
antigens. 
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